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SUMMARY 

3M Corporation 

Rochelle R. Robideau 

Wildlife International, Ltd. 
Easton, Maryland 2160 I 

454A-ll6 

PFOS: A Frog Embryo Teratogenesis Assay-Xenopus (FET AX) 

PFOS (Perfluorooctanesulfonate, Potassium Salt) 
IUPAC Name: 1-0ctanesulfonic acid,1,1,2,2,3,3,4,4,5,5,6,6, 
7, 7,8,8,8-heptadecafluoro-potassium salt; CAS #2795-39-3 

6-aminonicotinamide 

Negative Control, 1.82, 3.07, 5.19, 8.64, 14.4 and 24.0 mg a.i./L 
and 5.5 and 2500 mg/L 6-aminonicotinamide 

151 Assay: Negative Control, 2.00, 2.83, 4.73, 7.90, 14.7 and 
24.6 mg a.i./L 

2nd Assay: Negative Control, 1.91, 3.04, 4.82, 7.97, 13.3 and 
23.l mg a.i./L 

3rd Assay: Negative Co~trol, 1.93, 3.27, 5.25, 8.26, 14.0 and 
23.9 mg a.i./L 

l 51 Assay: Experimental Start - May 15, 2000 
Biological Termination - May 19, 2000 
Experimental Tennination - May 22, 2000 

2ru1 and 3rd Assays: Experimental Start - May 22, 2000 
Biological Tennination - May 26, 2000 
Experimental Tennination- May 30, 2000 

96 Hours 

South African Clawed Frog (Xenopus /aevis) 

University of Maryland 
Wye Research and Education Center 
Queenstown, Maryland 21658 

Embryos 
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SUMMARY 

- Continued -

RESULTS (BASED ON MEAN 
:MEASURED CONCENTRATIONS): l n Assay: 2nd Assay: 3rd Assay: 

96-HOUR LCso: 13.8 mg a.i./L 17.6 mg a.i./L 15.3 mg a.i./L 

95% CONFIDENCE LIMITS: 12.38 - 15.3 l mg a.i./L 15.53 - 19.96 mg a.i./L 13.13 - 17.75 mg a.i./L 

96-HOUR ECso: 12. l mg a.i./L 17.6 mg a.i./L 16.8 mg a.i./L 

95% CONFIDENCE LIMITS: 10.00- 14.58 mg a.i./L 13.49 - 22.88 mg a.i./L 12.35 - 22.82 mg a.i./L 

MINIMUM CONCENTRATION 
TO INHIBIT GROWTH (MCIG): Not calculable 7.97 mg a.i./L 8.26 mg a.i./L 

TERATOGENIC INDEX (TI): 1.1 LO 0.9 
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INTRODUCTION 

This study was conducted in three assays by Wildlife International, Ltd. for 3M Corporation at the 

University of Maryland Wye Research and Education Center (UM-WREC) in Queenstown, Maryland and at the 

Wildlife International, Ltd. aquatic toxicology facility in Easton, Maryland. The in-life phase of the first assay 

was conducted from May 15 to May 19, 2000, while the second and third assays were concurrently conducted 

from May 22 to May 26, 2000. Raw data generated by Wildlife International, Ltd., data obtained from the 

University of Maryland, and a copy of the final report are filed under Project Number 454A-1l6 in archives 

located on the Wildlife International, Ltd. site. 

OBJECTIVE 

The objective of this study was to determine the possible developmental toxicity of PFOS 

(Perfluorooctanesulfonate, Potassiwn Salt), also referred to as test substance U2723, on the embryos of the South 

African clawed frog (Xenopus laevis) during a 96-hour exposure period. 

EXPERIMENTAL DESIGN 

Three definitive assays were conducted with PFOS using the frog embryo teratogenesis assay-Xenopus 

(FET AX). During each assay, Xenopus embryos were exposed to a geometric series of six test concentrations 

(PFOS in FETAX solution), a negative control (FETAX solution only), and two concentrations of a reference 

toxicant ( 6-aminonicotinamide in FET AX solution) for 96 hours. Two replicate test chambers were maintained in 

each treatment group and four replicat~~~ere maintained in~h control group. Each test chamber 

contained 25 embryos for a total of 50 embryos per treatment group and 1 Q"~bJ:>'Q~ P-er ~oup. An 

abiotic replicate at the highest concentration was included in each assay for analytical sampling at 96 hours. 

Nominal test concentrations were selected in consultation with the Sponsor, and were based upon the 

results of an exploratory range finding toxicity test. Nominal test concentrations selected were I. 82, 3. 07, 5 .19, 

8. 64, 14. 4 and 24. 0 mg active ingredient (a. i. )/L. Mean measured test concentrations were detennined at Wildlife 

International, Ltd. from samples of test solution collected from each treatment and the negative control group 

prior to and at the end of each assay. 
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The test solutions were prepared at Wildlife International, Ltd. and were delivered to UM-WREC prior to 

each assay. At UM-WREC, the embryos were randomly assigned to test chambers containing the appropriate 

FET AX solution and were observed for 96 hours. The FET AX solutions in the test chambers were renewed every 

24 hours, and mortality observations and general water quality measurements were made at each 24-hour renewal 

period. At the end of the 96-hour exposure period, each surviving embryo was examined for malformations using 

a dissecting microscope. An LC50 value for mortality and an EC50 value for malfonnation were calculated at 

96 hours for each assay. When possible, the minimum concentration to inhibit growth (MCIG) and the 

teratogenic index (Tl) were calculated for each assay. 

MATERIALS AND METHODS 

The study was conducted based on the procedures outlined in the protocol, "PFOS: A Frog Embryo 

Teratogenesis Assay-Xenopus (FETAX)". The protocol was based on procedures outlined inASTM Standard 

E1439-91 Standard Guide for Conducting the Frog Embryo Teratogenesis Assay - Xenopus (FETAX) (I) 

and ASTM Standard E729-88a Standard Guide for Conducting Acute Toxicity Tests with Fishes, 

Macroinvertebrates and Amphibians (2). 

Test and Reference Substances 

The test substance was received from 3M Corporation on October 29, 1998 and was assigned Wildlife 

International, Ltd. identification number 4675. The test substance was described as a white powder. It was 

identified as FC-95 from lot nwnber 217 (T-6295). Information provided by the Sponsor indicated a purity of 

98.9%, and an expiration date of2008. The test substance was reanalyzed by the Sponsor and the Certificate of 

Analysis dated September 7, 2000 indicated a purityof86.9% and an expiration date of August 31, 2001. The 

test substance was stored at ambient room temperature. 

The reference substance was maintained by UM-WREC. It was identified as 6-aminonicotinamide (CAS 

#329-89-5; Sigma; Lot No. 125H0006). 

Preparation of Test Concentrations 

Prior to each assay, FET AX solution was prepared at UM-WREC and delivered to Wildlife International, 

Ltd. for the preparation of the stock and test solutions. The second and third assays were conducted concurrently 

using common test solutions. A primary stock solution was prepared in FET AX solution at a concentration of 

48 mg a.i./L. The primary stock solution was mixed by sonication and stirring to aid in the solubilization of the 
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test substance. The primary stock was proportionally diluted with FET AX solution to prepare the six test 

concentrations. Nominal test concentrations were 1.82, 3.07, 5.19, 8.64, 14.4 and24.0 mg a.i./L, based on a test 

substance purity of 86. 9%. The test solutions were delivered to UM-WREC prior to the start of each assay. The 

reference toxicant solutions were prepared at UM-WREC. 

Analytical Chemistry 

Samples were collected from each test solution and the negative control solution at preparation, and at the 

termination of each assay (96 hours) to measure concentrations of the test substance. Samples of test solution 

from the abiotic replicates also were collected at 96 hours. The samples were analyzed at Wildlife International, 

Ltd. Analytical procedures used in the analysis of the samples are provided in Appendix IL 

In-Life Phase of Assays 

Details of the in-life phase of the three assays conducted at UM-WREC are included in Appendix I. 

RESULTS AND DISCUSSION 

Measurement of Test Concentrations 

Results of analyses to measure concentrations of PFOS in FET AX solution samples collected during the 

three assays are presented in Table l and in the analytical chemistry report (Appendix II). Nominal 

concentrations selected for use in this study were 1.82, 3.07, 5.19, 8.64, 14.4 and 24.0 mg a.i./L. In the first 

assay, the measured concentrations of PFOS in test solution samples collectfd prior to initiation of exposure of 

the test organisms ranged from 112 to 14 l % of the nominal concentrations. Samples collected at test termination 

had a measured concentration range of 54. 7 to 98.6% of nominal values. The sample from the abiotic 24.0 

mg a.i./L treatment group was comparable to samples from the 24.0 mg a.i./L treatment group with the frog 

embryos present. 

For the second and third assays, common test solutions were prepared. The measured concentrations of 

PFOS in test solution samples collected prior to initiation of exposure of the test organisms ranged from 95. 8 to 

117% of the nominal concentrations. In the second assay, samples collected at test tennination had a measured 

concentration range of 80. 7 to 112% ofnominal values. The sample from the abiotic 24.0 mg a.i./L treatment 

group was comparable to samples from the 24.0 mg a.i./L treatment group with the frog embryos present. In the 

third assay, samples collected at test termination had a measured concentration range of 93. 4 to 114 % of nominal 

values. The sample from the abiotic 24.0 mg a.i./L treatment group was comparable lo samples from the 24.0 

mg a.i./L treatment group with the frog embryos present. 
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When measured concentrations of the samples analyzed prior to and at the end of each assay were 

averaged, the mean measured concentrations for the first assay were 2.00, 2.83, 4.73, 7.90, 14.7 and 24.6 

mg a.i./L, representing 110, 92.2, 91.1 , 91.4, 102 and 103% ofnominal concentrations, respectively. The mean 

measured concentrations for the second assay were 1. 91 , 3. 04, 4. 82, 7. 97, 13. 3 and 23. 1 mg a. i./L, representing 

105, 99.0, 92.9, 92.2, 92.4 and 96.3% of nominal concentrations, respectively. The mean measured 

concentrations for the third assay were 1.93, 3.27, 5.25, 8.26, 14.0 and 23.9 mg a.i./L, representing 106, 107, 

101, 95.6, 97.2 and 99.6% ofnominal concentrations, respectively. The results of the study were based on the 

mean measured test concentrations for each assay. 

Definitive Assay Results 

The results of the three definitive FET AX assays conducted with PFOS at the UM-WREC are included in 

Appendix I and are summarized in Table 2. Exposure to PFOS caused significant embryo mortality at the two 

highest test concentrations (14.4 and 24.0 mg a.i./L nominal concentration) in each of the three assays. Most of 

the embryo mortality appeared to be caused by the gut coiling through the body wall at the two highest 

concentrations. Embryo survival was ~0% at all test concentrations up to 8.64 mg a.i./Lnominal concentration. 

The 96-hour LC50 values for PFOS ranged from 13 .8 lo 17. 6 mg a.i./L mean measured roncentration in the three 

assays (Table 2). 

There was a positive rorrelation between PFOS exposure and malfonnations in each of the three assays, 

with increasing concentrations causing an increase in the incidence of malformed embryos. The 96-hour EC50 

values, based on the incidence of malfonned embryos, ranged from 12.l to 17.6 mg a.i./L mean measured 

concentration in the three assays (Table 2). The most common types of malfonnations caused by exposure to 

PFOS were improper gut coiling, edema, notochord abnormalities and facial abnormalities. 

Growth of the embryos was not effected by exposure to PFOS in the first assay. In the second and third 

assays, the minimum concentration inhibiting growth (MCIG) was 8.64 mg a.i./L nominal concentration. This 

reduction in growth may be attributed more to the increased incidence of malfonned embryos in the test 

concentrations than to an overall decrease in growth. The teratogenic index (TD, defined as the 96-hour LC50 

value for mortality divided by the 96-hour EC50 value for malformed embryos, provides an estimate of the 

teratogenic risk associated with PFOS. The Tl's in the three assays ranged from 0.9 to 1.1, indicating the PFOS 

has a low potential to be a developmental hazard. 
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CONCLUSIONS 

The 96-hour LC50 value for mortality for Xenopus laevts exposed to PFOS in each of three assays was 

13.8, 17.6 and 15.3 mg a.i./L mean measured concentration, respectively. The 96-hour ECSO value for embryo 

malformation in each of three assays was 12.1, 17.6 and 16.8 mg a.i./L mean measured concentration, 

respectively. The MCJG, determined in the second and third assays, was 7.97 and 8.26 mg a.i./Lmean measured 

concentration, respectively. The Tl's ranged from 0.9 to 1.1 in the three assays, indicating the PFOS has a low 

potential to be a developmental hazard. 
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Table I 

Summary of Analytical Chemistry Data 

= 

Nominal Test Sampling 
1•1 Assay 2nd Assay1 

Concentration Time Measured Mean Measured Percent Measured Mean Measured 
(mga.i.IL) (Day) Concentration Concentration of Concentration Concentration 

(mga.i./L) (mg a.UL) Nominal (mga.i.IL) (mga.i./L) 

Negative Control oz <LOQ4 <LOQ -- <LOQ <LOQ 
43 <LOQ <LOQ 

1.82 0 2.58 2.00 110 1.77 1.91 
4 1.42 2.04 

3.07 0 3 .94 2.83 92.2 3.59 3.04 
4 1.72 2.49 

5.19 0 6.62 4.73 91.1 5.45 4.82 
4 2.84 4.18 

8.64 0 10.7 7.9Q 91.4 8.43 7 .97 
4 5.09 7.51 

14.4 0 18.5 14.7 102 14.5 13.3 
4 10.8 12.l 

24.0 0 26.9 24.6 103 23.0 23.1 
4 22.3 23.l 

24.0 (abiotic) 4 23.7 - 98.6 23.9 

1 The znd and 3nl assays were conducted concurrently using common batches oftest solution prepared for Day 0. 
2 Day 0 samples were collected from the test solutions at preparation prior to transfer to UM-WREC. 

3nl Assay1 

Percent Measured Mean Measured 
of Concentration Concentration 

Nominal (mg a.i./L) (mga.i./L) 

<LOQ <LOQ 
<LOQ 

105 1.77 1.93 
2.08 

99.0 3.59 3.27 
2.94 

92.9 5.45 5.25 
5.05 

92.2 8.43 8.26 
8 .09 

92.4 14.5 14.0 
13.5 

96.3 23.0 23.9 
24.7 

99.6 24.1 -

3 Day 4 samples were collected from the test solutions at the termination of each assay at UM-WREC and transferred to Wildlife International, Ltd. for analysis. 
4 The limit of quantitation (LOQ) was 0 .240 mg a.i./L. 

Percent 
of 

Nominal 

106 

107 

101 

95.6 

97.2 

99.6 

100 
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Table 2 

LC50, EC50, MCIG and TI Values 1 

Parameter 

96-Hour LC50 (mg a.i./L): 

95% Confidence Limits (mg a.i./L): 

96-Hour EC50 (mg a.i./L): 

95% Confidence Limits (mg a.i./L): 

Minimwn Concentration Inhibiting 
Growth (MCIG) (mg a.i./L): 

Teratogenic Index (Tl): 

1•1 Assay 

13.8 

12.38 - 15.31 

12.1 

10.00- 14.58 

2 

1.1 

2nd Assay 

17.6 

15.53 - 19.96 

17.6 

13.49 - 22.88 

7.97 

1.0 

1 Values are based on the mean measured concentrations for each assay. 

PROJECTNO.: 454A-116 

3rd Assay 

15.3 

13.13-17.75 

16.8 

12.35 - 22.82 

8.26 

0.9 

2 The MCJG could not be calculated because PFOS had no effect on embryonic growth at any of 
the test concentrations with swviving embryos in the l 51 assay. 
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APPENDIX I 

Certificate of Analysis 

INTERIM CERTIFICATE OF ANALYSIS 
Revision 1(917100) 

. PROJECTNO.: 454A-it•6 

Centre Analytical Laboratories COA Reference#: 023-0lSA 
3M Product: PFOS, Lot 217 

ldartificaeion 
NMR 

Metals (ICP/MS) 
1. Calcium 
2. Magnesium 
3. Sodimn 
4. Potassium2 

S. Niclcel 
6. Iron 
7. 

Total% 

COA023-0l8A 

Reference#: SD-018 
Puri : 86.9°.4 

I. ThcoreCical Value "' 17 .8% 
2. Theoretical Value "' 0% 
3. Theoretical Value .. 0% 
4. Thcorctica.I Value "' 5.9S% 
S. 'Ibeoretical Value"' 60% 

Coofonns 

Positive 

l. 0.005 ~wt.% 
2. 0.001 ~wt.% 
3. l.439 wt.lwt.% 
4. 6.849 ~wt.% 
5. <0.001 wtJwt. % 
6. 0.005 wt.lwt.% 
7. <0.001 wt/wt.% 

l.93 wtJwt. % 
8.41 wtlwt.% 

None Detected 

l. <O.OlS wtJwt. % 
2 . o.~wt.Jwt.% 

3. <0.040wt.lwt.% 
4. <0.009 wt.lwt.% 
s. <0.006 wtJwt. % 
6. <0.007 wt..lwt. % 
7. 8.76 wt.fwt. % 

l . <0.1 wt.lwt. % 
2. <0.1 wtJwt. % 
3. 0.10 wt./wt.% 
4. 0.28 wt./wt.% 

l. 12.48 wt.lwt.% 
2. 0.244 wt/wt.% 
3. 1.74 wt.Jwt.% 
4. 1.84 wt.Jv.t.% 
5. S4.1 wt./wt.% 

Page I of'J 
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INTERIM CERTIFICATE OF ANALYSIS 
Centre Analytical Laboratories COA Reference#: 023-018A 

Date of Last Analysis: 08/3 1/00 

Expiration Date: 08131/0l 

Storage Conditions: Frozen S-l0°C 

Re-assessment Date: 08/31/0l 

1Purity = 1 OOo/o - (sum of metal impurities., 1.45% +LC/MS impurities, 8 .41 %+Inorganic 
Fluoride, 0.59%+NMR impurities., l .93%+organic acid impurities, 0.38%+POAA. 
0.33%) 

Total impurity from all tests= 13.09% 
Purity = 100% - 13.094'/o"" 86.90/o 

2Potassium is expccteq in this salt fonn and is therefore not considered an impurity. 

3eurity by DSC is generally not applicable to materials oflow purity. No endothenn was 
observed for this sample. 

4Sulfur in the sample appears to be converted to 804 and hence detected using the 
inorganic anion method conditions. The anion result agrees well with the sulfur 
determination in the elemental analysis, lending confidence to this interpretation. Based 
on the results. the so .. is not considered an impurity. 

Sorf A 
HFBA 
NFPA 
PFPA 

Trifluoroacetic acid 
Heptafiuorobutyric acid 
Nonofluoropemanoic acid 
Penta.fluoropropanoie acid 

'Theoretical value calculations based on the empirical formula, CtF 11SO, ~· (MW=S38) 

Thia work was conducted under EPA Good Laboratory Practice Standards ( 40 CFR 160). 

! 

COA023.0l8A Page2of3 
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INTERIM CERTIFICATE OF ANALYSIS 
Centre Analytical Laboratories COA Reference#: 023-0lSA 

LC/MS Purity Profile: 

lmnurity wt.Jwt. % 
C4 1.22 
cs 1.33 
C6 4.72 
C7 1.14 

Total 8 • .Cl 

PROJECT NO.: 454A-If16 

Note: The C4 and C6 values were calculated using the C4 and C6 standard calibration 
curves, respectively. The CS value was calculated using the average response factors 
from the C4 and C6 standard curves. Likewise, the C7 value was calculated using the 
average response factors from the C6 and CB standard cwves. 

Prepared By: 
David S. Bell Date 
Scientist, Centre Analytical ~ratories 

Reviewed By: ·' 
John Flaherty Date 
.Laboratory Manager. Centre Analytical Laboratories 

COA023-0l8A Pagc3of'3 
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APPENDIX II 

Evaluation of the Toxicity and Teratogenicity of Chemical U2723 
Using lhe Frog Embryo Teratogenesis Assay -Xenopus (FET AX) 
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Report No. 
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EVALUATION OF THE TOXICITY AND TERATOGENICITY OF 
CHEMICAL U2723 USING THE FROG EMBRYO 

· TERATOGENESIS ASSAY-XENOPUS (FETAX) 

Final Report 

Prepared for 

Wildlife International, Ltd. 
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Easton, MD 21601 

Prepared by 

Steven D. Turley 
and 
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1. INTRODUCTION 

The evaluation of the potential toxicity and teratogenlclty of chemical U2723 was 
initiated at the request of Mr. David A. Palmer, Wildlife International, Ltd., Easton, 
Maryland. The study was conducted by Mr. Steven D. Turley and Dr. Dennis T. Burton of 
the University of Maryland Wye Research and Education Center, Queenstown, Maryland. 
The test program was perfonned in accordance with the "Revised Statement of Work for 
Evaluating the Potentia.1 Teratogenicity of U2723 Using 96-Hour Frog Embryo 
Teratogenesis Assay-Xenopus (FETAX)•, submitted to and approved by Wildlife 
International, ltd., March 30, 2000 (Tur1ey, 2000). The potential toxicity and teratogenlcity 
of chemical U2723 was evaluated by the Frog Embryo Teratogenesis Assay-Xenopus 
(FETAX). Three 96-h definitive FETAX assays were conducted on chemical U2723. 
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2. MATERIALS AND METHODS 

Three definitive FETAX assays were conducted on chemical U2723 using the frog 
embryo teratogenesis assay-Xenopus (FETAX}. The assay is a 96-h quantitative 
developmental assay used to screen for developmental toxicants in aquatic media. The 
85$8}'1 were conducted using the static renewal (solutions renewed every 24 h) test 
protocol Designation E 1439-91 of the American Society for Testing and Materials (ASTM, 
1998). Embryolethality (96-h LCSO), malformations (96-h ECSO), and growth retardation 
were used as endpoints In the assays. 

Embryos were obtained from breeding colonies of Xenopus laevis at the University 
of Maryland Wye Research and Education Center (UMDIWREC). The UMD/WREC adult 
colonies were maintained In flow-through (-4 replacement volumes per day) circular 
polyethylene aquaria (0.91 m 1.0. x 0.36 m high) with a water depth of 10 cm. Each 
aquarium contained a maximum of 10 adults. UMDM'REC oorH;hlotlnated deep well 
water held at 23.5 ± 0.5 •c served as the culture medium. All frogs were fed every~ d 
with commercial beef liver supplemented with liquid vitamins (PolyViSol™; Mead-Johnson 
Nutritlonals, Evansville, Indiana). The colony was held under a photoperiod of 16 h llght8 
h dark Mating pairs were bred in the dar1< in 23.5 ± 0.5 •c UMD.IWREC non-dllorinated 
water at -70 d intervals by injecting 400 and 800 l.U. of human chorionlc gonadotropln 
(HCG) In the dorsal lymph sac of the males and females, respectively. Amplexus occurred 
4-6 h after Injecting HCG; egg deposition occurred 9-12 h following HCG injection. 

Embryos between nonnal stage 8 blastulae and nonnal stage 11 gastrulae were 
used to Initiate the assays (Nleuwkoop and Faber, 1975). Embryos from separate 
breeding pairs were used for each test to cheek for variability in the sensitivity of individual 
clutches of embryos. All embryos were examined two times for viability. The embryos 
were de-jellied In a 2% L-cystelne solution (2 g of L-cystelne per 98 mL of FETAX 
solution). Once de-jellied, the embryos were rinsed and re-suspended In FETAX solution 
(ASTM, 1998). The embryos were assayed in covered 60 mm glass Petri dishes 
containing 10 ml of solution. All embryos were randomly assigned to the Petrt dishes. 
Two replicates d 25 embryoslraplicate were used for each of six assay treatments; four 
~were used for the controls as requlre<f by the test protocol (ASTM, 1991). The 
assays were conducted at 24 :1: o.2•c · under a 12-h light; 12-h dark photoperiod 
(fluorescent lights; - 75 foot candles at the surface of the test medium) in a constant 
temperature environmental chamber. All Petri dishes were randomly placed in the 
environmental chamber used for the assays. Wildlife International, Ltd., personnel 
prepared and delivered stock solutions of each concentration at the start of each assay. 
The concentration of each solution was quantified at Wildlife International, Ltd. Two 
concentrations of the referencetoxicant, 6-aminonlcotinamlde (CAS#329-89-5; Sigma; Lot 
No. 125H0006}, were used at each assay period as outlined in the ASTM (1998} protocol. 
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Mortality observations and general water quality measurements were made at each 
24-h renewal period. All dead embryos were removed at each observation period. At the 
end of the 96-h exposure period, each surviving embryo was examined for malformations 
using a dissecting microscope. The Identification and Interpretation of malformations in 
the embryos at 96 h were made via the atlas of Bantle et al. (1991 ). The head-tall length 
of each surviving embryo was determined via Sigina Sean's digitizing software (SPSS, 
Corte Madera, California). A random group of normal embryos and embryos with each 
type of malformation were preserved In 10% buffered formalin (pH 7) for photographing. 

The Trimmed Spearman-Karberstatistical procedure was used to detennine the~ 
h LC50 for mortality and 96-h EC50 for malformations. The minimum concentration to 
inhibit growth (MCIG) was determined by Bonferronl's T-Test. All statistical tests were 
performed using Toxstat {WEST and Gulley, 1994). A minimum probability level of 0.05 
was used. The teratogenic Index (Tl) was calculated by dividing the LC50 by the EC50. 
The test acceptability aiteria given In the ASTM (1998) test protocol was used for each 
definitive test 

2-2 
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3. RESULTS ANO DISCUSSION 

The data for definitive assays 1, 2, and 3 are summarized in Appendices 1,2, and 
3, respectively. Coples of the raw data sheets and6-amlnonlcotlnamide reference toxicant 
data for assays 1, 2, and 3 are given In Appendices 4, 5, and 6, respectively. The nominal 
concentrations of 1.9, 3.2, 5.4, 9.0, 15.0 and 25.0 mgll. on the r&:N data sheets correspond 
to the nominal concentrations of 1.82, 3.()7, 5.19, 8.64, 14.4 and 24.0 mg a.I.IL in the 
report. Photographs of normal and malformed embryos of each type observed in the study 
are given in Attachment 1. Table 1 is summary of the endpoint parameters established in 
the three definitive assays. 

Table 1. Summary of Data for the Three Assays with Chemlcal U2723• 

Parameter Assav 1 Assav2 Assav3 

LC50 (95~ C. I.) 13.8 17.6 15.3 
(12.38-15.31) (15.53 -19.96) (13.13-17.75) 

EC50 (95% C. I.) 12.1 17.6 16.8 
(10.00-14.58) (13.49. 22.88) (12.35 - 22.82) 

MCIG 
.. 

7.97 8.26 

Tl 1.1 1.0 0.9 

• The LC50, EC50, and MCIG values are based on mean measl.l'ed concentrations of 
chemical U2723 (mg al.IL) for each assay. 
11 The MCIG c:Ould not be calculated because chemical U2723 had no effect on embryonic 
growth at any of the test treatments with surviving embryos (Appendix A; Table A 1- 4). 

Exposure to chemical U2723 caused significant embryo mortality at the two highest 
treatment concentrations (14.4 and 24.0 mg/l) In each of the three aSs&ys. Most of the 
embryo mortality appeared to be caused by the gut colling through the body wall at the two 
highest assay treatments. Embryo survival was ~90% at all exposure treatments up to 
8.64 mg/L. The 96-h LC50s for chemical U2723 ranged from 13.8 to 17.6 mg/L (Table 1 ). 

There was a positive correlation between chemical U2723 exposure and 
malformations In each of the three assays, with inaeaslng concentrations causing an 
Increase in the Incidence of malformed embryos. The 96-h EC50s, based on the incidence 
of malformed embryos, ranged from 12.1 to 17 .6 mg/L (Table 1 ). The most common types 
of malformations caused by exposure to chemical U2723 were: improper gut coiling, 
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edema, notochorcl abnonnalitles and facial abnormalities. 

Growth of the embryos was not affected by exposure to chemical U2723 in assay 
1. In assays 2 and 3, the minimum concentration inhibiting growth (MCIG) was 7.97 and 
8.26 mg/L, respectively. This reduction In growth may be attributed more to the increased 
incidence of malformed embryos In these test concentrations than an overall decrease In 
growth. Malformed embryos are generally smaller than nonnally developing embryos. 

The teratogenic index (Tl), which by definition Is the 96-h LC50 divided by the 96-h 
- EC50 (malformed embryos), provides an estimate of the teratogenic risk associated with 

a material (Dumont et al., 1983). Tl values of 1.5 to 2.0 Indicate that a material may be 
a potential teratogen. Materials with Tl values >2.0 should be considered for further 
teratogenicity testing. The Tl's In the current study ranged from 0.9 to 1.1 which indicate 
that chemical U2723 has a low potential to be a developmental hazard. 

The three assays met all of the ASTM (1998) protocol test acceptability aiteria, with 
one exception. The reference toxlcant (6-aminonicotinamide) high concentration of 2,500 
mg/L did not meet the ASTM protocol test acceptability aiterion. A concentration of 2,500 
mg/L should kill between 40 and 60% of the embryos in 96 h. All embryos died at 2,500 
mg/L In all three reference toxicant tests. All three reference tpxicant tests met the 
protocol test acceptability alteria for the low reference toxicant concentration of 5.5 mg/L 
which should cause between 40 and 60% malformed embryos after 96 h of exposure. The 
5.5 mg/L reference toxicant tests produced an average of 55.6, 55.3, and 53.1 % 
malformed embryos during assays 1, 2, and 3, respectively. The results of the reference 
toxlcant concentrations in the three current tests are consistent and not at variance with 
previous experience In our laboratory. The survival of control embryos after 96 hours in 
our laboratory consistently meet the ASTM protocol acceptability criterion of >90% 
survival. In the current chemical U2723 assays, the average survival of the controls was 
99, 99, and 100%, in assays 1, 2, and.3, respectively. 

1lle chain of custody fonns for delivery of the assay solutions from Wildlife 
International, Ltd. to the UMD/WREC were retained by Wildlife International, Ltd. Thus, 
copies of the chain of custody forms are not included In this report. 
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APPENDIX1 

FROG EMBRYO TERATOGENESIS ASSAY-XENOPUS (FETAX) CONDUCTED 
WITH CHEMICAL U2723 (ASSAY 1) 

Test Method: 

Type of Test: 

Date: 

Investigator. 

Laboratory: 

Chemical: 
Designation: 
Source: 
General Water Quality: 

Test Medium: 

Test Organism: 
Scientific Name: 
Age at Start of Test: 
Source: 

Experimental Chambers: 
Material: 
Test Solution Volume: 

No. Organisms/Replicate: 

No. Organisms/Treatment 

Lighting: 

Endpoints: 

Test Temperature: 

ASTM Designation E 1439-91 
ASTM(1998) 

Static renewal (every 24 h) 

May 15-19, 2000 

S. D. Turley 

UMD/WREC 

U2723 
Wildlife International, Ltd. 
See Table A1-1 

FETAX solution 

Xenopus laevis 
Stage 8 blastula to stage 11 gastrula 
UMD/WREC culture 

Glass petri dishes 
10ml 

25 

Control: 100 
Treatment: 50 

Fluorescent; 60-85 foot candles 

Mortality; malformation; growth 

24:1:2•c 

A1-1 
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Results: 

Note: For Assay 1, statistical calculations are based on the mean measured 
concentrations of 2.00, 2.83, 4.73, 7.90, 14.70 and 24.60 mg a.i.JL, rather than 
on the nominal concentrations. 

Mortalltv: 

The 96-h LC50 =.13.8 mg a,l.IL (95% confidence limits= 12.38 -15.31). 

The mortality data are summarized in Table A1-2. 

Ma!fonnatlons: 

The 96-h ECSO (malfonned embryos) = 12.1 mg a.i.IL (95% confidence limits= 
10.00-14.58). 

The number of malfonned embryos are summarized in Table A 1-2. The types of 
malfonnatlons are summarized in Table A1-3. 

Growth: 

Chemical U2723 had no effect on embryonic growth at any of the test treatments 
with surviving embryos. As a result, the minimum concentration inhibiting growth 
(MCIG) could not be calculated. 

The growth data are summarized in Table A1-4. 

Teratogenic Index: 

The teratogenic Index (Tl) = 1.1. 

A1-2 
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TableA1-1 . Summary of The General Water Chemistry Data for Chemical U2723 -
Assay 1 - Dissolved Oxygen (mg/l) 

Test Concentrations (mg/\.) 

0.00 1.82 3.07 5.19 8.64 14.40 24.00 

~ 
' . 

OH 8.3 8.4 8.4 8.4 8.4 8.4 8.5 

QW 
24H 8.0 7.8 7.9 7.9 8.0 8.0 7.9 

OH 8.4 8.4 8.5 8.4 8.5 8.5 8.4 

~ 

24H 7.7 7.7 7.6 7.7 7.8 7.8 7.8 

OH 8.3 8.3 8.4 8.3 8.2 8.3 8.3 

~ 

24H 7.4 7.5 7.7 7.7 7.8 7.9 7.9 

OH 8.3 8.2 8.1 8.2 8.1 8.1 8.1 

~ 

24H 7.7 7.7 7.6 7.5 7.7 7.7 7.7 

Mean 8.1 8.0 8.1 8.1 8.1 8.1 8.1 

Min 7.4 7.5 7.6 7.7 7.8 7.8 7.8 

Max 8.4 8.4 8.5 8.4 8.5 8.5 8.5 

A1-3 
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TableA1-1. (Continued) - pH (Standard Units) 

Test Concentrations (mg/L) 

0.00 1.82 3.07 5.19 8.64 14.40 24.00 

~ 

OH 7.74 7.78 7.79 7.78 7.78 7.76 7.62 

Qn-1 

24H 7.26 7.24 7.30 7.34 7.35 7.34 7.33 

OH 7.24 7.45 7.38 7.43 7.43 7.44 7.32 

~ 

24H 7.16 7.17 7.20 7.23 7.23 7.23 7.25 

OH 7.22 7.25 7.28 7.32 7.34 7.35 7.27 

~ 

24H 7.11 7.13 7.16 7.17 7.25 7.18 6.95 

OH 7.13 7.20 7.23 7.25 7.26 7.26 7.18 

Dav4 

24H 7.11 7.15 7.18 7.19 7.18 7.20 7.19 

Min 7.11 7.13 7.16 7.17 7.18 7.18 6.95 

Max 7.74 7.78 7.79 7.78 7.78 7.76 7.62 
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TableA1-1 . (Continued) - Temperature (°C) 

Test Concentrations (mg/L) 

0.00 1.82 3.07 5.19 8.64 14.40 24.00 

~ 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

Q!il 

24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

~ 

24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

Dev3 

24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

~ 

24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

Mean 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

Min 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

Mex 24.0 24.0 24.0 24.0 24.0 24.0 24.0 
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Table A1-2. FETAX Toxicity Test Data - Percent Embryo Mortality and Malformations 
l{t-~ ~D after 96 Hours of Exposure to Chemical U2723 -Assay 1 

~ 

Concentration Rep Number Percent Number Percent 
(mg/L) Embryos Mortality Embryos Malformed 

Alive Malformed 

Control 1 24 4.0 1 4.2 

2 25 0.0 1 4.0 

3 25 0.0 1 4.0 

4 25 0.0 1 4.0 

1.82 1 24 4.0 2 8.3 

2 25 0.0 2 8.0 

3.07 1 24 4.0 2 8.3 

2 24 4.0 5 20.8 

5.19 1 23 8.0 7 30.4 

2 22 12.0 3 13.6 

8.64 1 21 16.0 4 19.0 

2 23 8.0 7 30.4 

14.40 1 16 36.0 9 56.3 

2 15 40.0 11 73.3 

24.00 1 0 100 

2 0 100 
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TableA1-3. FETAX Toxi~ Test Data· T~ and Number of Malformed Embryos 
after 96 Hours Exposure to C emical U2723 ·Assay 1 

Mllformlllao 

0 1.82 3.07 s.te 8.84 14.40 24.00 
Rep Rep Rep Rep Rep Rep Rep 

1 2 3 " 1 2 2 2 1 2 1 2 1 2 

8- 1 ! . 
; ...... 

Cki 1 1 1 2 5 7 3 " 5 7 11 

Edlma: 

....,.. 2 2 2 2 " 3 

Cll'dllo 1 3 2 2 " 1 

Abdomlnll 3 2 1 3 2 

F.a.I 2 2 2 2 " 2 

Cepllllo 

°'* 2 2 1 1 2 6 

Tll 

Nc*>chard 1 

ni 

F- 1 1 1 2 2 . 1 " 3 2. 3 " 6 

Eye 1 

Bmh 

llel11111'11wge 

Cll'dllo 1 2 3 1 

Bllln 

~ 

tMllfonned 1 1 2 2 2 5 7 3 " 7 9 11 

• Mrledlma. 
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TableA1-4. FETAX Toxicity Test Data - Embryonic Growth (Length) after 96 Hours 
E.xpOsure to Chemical U2723 - Assay 1 

Concentration Rep Number Embryos Average Mean Average 
(mg/L) Alive Length(mm) Length (mm) 

Control 1 24 9.05 8.59 

, 2 25 8.40 

3 25 8.29 

4 25 8.62 

1.82 1 24 8.44 8.29 

2 25 8.14 

3.07 1 24 8.88 8.80 

2 24 8.72 

5.19 1 23 8.42 8.51 

2 22 8.60 

8.64 1 21 8.83 8.71 

2 23 8.58 

14.40 1 16 8.41 8.08 

2 15 7.74 

24.00 1 0 

2 0 

A1-8 
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APPENDIX2 

FROG EMBRYO TERATOGENESIS ASSAY·XENOPUS (FETAX) CONDUCTED 
WITH CHEMICAL U2723 (ASSAY 2) 

Test Method: 

Type of Test: 

Date: 

Investigator: 

Laboratory: 

Chemical: 
Designation: 
Source: 
General Water Quality: 

Test Medium: 

Test Organism: 
Scientific Name: 
Age at Start of Test: 
Source: 

Experimental Chambers: 
Material: 
Test Solution Volume: 

No. Organisms/Replicate: 

No. Organisms/Treatment: 

Lighting: 

Endpoints: 

Test Temperature: 

ASTM Designation E 1439--91 
ASTM (1998) 

Static renewal (every 24 h) 

May 22-26, 2000 

S. D.Tur1ey 

UMD/WREC 

U2723 
Wildlife International, Ltd. 
See Table A2-1 

FET AX solution 

Xenopus laevls 
Stage 8 blastula to stage 11 gastrula 
.lJMD/WREC culture 

Glass petri dishes . 
10ml 

25 

Control: 100 
Treatment 50 

Fluorescent; 60-85 foot candles 

Mortality; malfonnation; growth 

24±2·c 

A2-1 
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Results: 

Note: For Msay 2, statistical calculations are based on the mean measured 
concentrations of 1.91, 3.04, 4.82, 7. 97, 13.30 and 23.1 O mg a.I.IL, rather than 
on the nominal concentrations. 

Mortalitv: 

The 96-h LC50 = 17.6 mg a.i./L (95% confidence limits= 15.53-19.96). 

The mortality data are summarized In Table A2.-2. 

Ma!fonnations: 

The 96-h EC50 (malformed embryos)= 17.6 mg a.i./l (95% confidence limits= 
13.49- 22.88) 

The number of malformed embryos are summarized in Table '42.-2. The types of 
malformations are summarized in Table '42.-3. 

Growtb: 

The minimum concentration Inhibiting growth (MCIG) =7.97 mg a.i./L. 

The growth data are summarized in Table A2.-4. 

Teratogenic Index: 

The teratogenic Index (Tl)= 1.0. 

A2-2 
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Table A2-1 . Summary of The General Water Chemistry Data for Chemical U2723 -
Assay 2 - Dissolved Oxygen (mg/L) 

Test Concentrations (mg/L) 

0.00 1.82 3.07 5.19 8.64 14.40 24.00 

~ 

OH 8.2 8.2 8.1 8.2 8.1 8.2 8.2 

I2!il 
24H 8.3 8.3 8.0 8.1 8.1 8.1 8.2 

OH 8.2 8.2 8.2 8.2 8.1 8.1 8.2 

~ 

24H 7.6 7.8 7.5 7.2 7.2 7.2 7.1 

OH 8.1 8.1 8.0 8.1 8.0 e.o 8.1 

~ 

24H 7.5 7.6 7.5 7.6 7.7 7.3 7.2 

OH 8.1 8.2 8.1 8.1 8.0 8.1 8.0 

~ 

24H 7.6 7.6 7.5 7.5 7.6 7.5 ·1.5 

Mean 8.0 8.0 7.9 7.9 7.9 7.8 7.8 

Min 7.5 7.6 7.5 7.2 7.2 7.2 7.1 

Max 8.3 8.3 8.2 8.2 8.1 8.2 8.2 
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TebleA2-1. (Continued) - pH (Standard Units) 

Test Concentrations (mg/L) 

0.00 1.82 3.07 5.19 8.64 14.40 24.00 

~ 

OH 7.14 7.24 7.31 7.33 7.37 7.40 7.37 

~ 

24 H 7.12 7.17 7.21 7.23 7.24 7.26 7.27 

OH 7.11 7.21 7.28 7.35 7.35 7.39 7.34 

~ 

24H 7.18 7.22 7.23 7.24 7.24 7.23 7.24 

OH 7.15 7.23 7.30 7.37 7.38 7.41 7.32 

~ 

24H 7.20 7.20 7.22 7.25 7.24 7.23 7.25 

OH 7.17 7.21 7.26 7.34 7.36 7.40 7.35 

~ 

24H 7.11 7.21 7.20 7.29 7.33 7.39 7.34 

Min 7.11 7.17 7.20 7.23 7.24 7.23 7.24 

Max 7.20 7.24 7.31 7.37 7.38 7.41 7.37 

A2-4 
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TableA2-1. (Continued} - Temperature (°C} 

Test Concentrations (mg/L) 

0.00 1.82 3.07 5.19 B.64 14.40 24.00 

lm'...Q 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

t1ll..1. 
24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

~ 

24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

~ 

24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

~ 

24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

Mean 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

Min 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

Max 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

A2-5 
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Table A2.-2. FETAX Toxicity Test Data- Percent Embryo Mortality and Malformations 
after 96 Hours of Exposure to Chemical U2723 - Assay 2 

Concentration Rep Number Percent Number Percent 
(mg/l) Embryos Mortality Embryos Malformed 

Alive Malformed 

Control 1 25 0.0 1 4.0 

2 25 0.0 2 8.0 

3 25 0.0 0 0.0 

4 24 4.0 1 4.2 

1.82 1 25 0.0 2 8.0 

2 25 0.0 2 8.0 

3.07 1 23 8.0 2 8.7 

2 22 12.0 0 0.0 

5.19 1 24 4.0 1 4.2 

2 22 12.0 4 18.2 

8.64 1 22 12.0 4 16.2 

2 23 8.0 5 21.7 

14.40 1 22 12.0 4 16.2 

2 13 48.0 9 69.2 

24.00 1 9 64.0 6 66.7 

2 6 76.0 4 66.7 

A2.-6 
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TableA2.--3. FETAX Toxiclt}' Test Data -T~ and Number Of Malformed Embryos 
after 96 Hours Exposure to C mica! U2723 - Assay 2 

Mllfonnlllon 

0 U2 3.07 6.111 8.84 14.«I 24.00 
Rep Rep RIP Rep Rep Rep Rep 

2 3 4 1 2 2 1 2 1 2 2 f 2 ..... 
8lrrild 

Oii 1 1 1 4 1 3 2 6 6 4 

Edlml: 

Wiii* 2 2 1 3 

c.dllc 2 2 2 1 4 

Abdomhl 2 3 1 3 

Feclll 2 3 3 

Ceptllllc 

Op& 2 3 

T .. 

Nokld10ld 1 1 2 1 

Fin 

F- 2 1 2 2 3 9 1 3 

E)'9 

ar. 

lltn1c11t-a-

Clrdllc 2 

Bllltn 

~ 2 

• Mllfclmed 1 2 0 1 2 2 2 0 4 4 5 4 9 6 4 

• """ edelnll. 

l\l.-7 
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TableA2-4. FETAX Toxicity Test Data - Embryonic Growth (Length) after 96 Hours 
Exposure to Chemical U2723 - Assay 2 

Concentration Rep Number Embryos Average Mean Average 
(mg/L) Alive Length (mm) Length (mm) 

Control 1 25 8.94 8.88 

2 25 6.81 

3 25 8.90 

4 24 8.88 

1.82 1 25 8.39 8.45 

2 25 8.50 

3.07 1 23 8.42 8.57 

2 22 8.71 

5.19 1 24 8.69 8.72 

2 22 8.74 

8.64 1 22 7.94 7.93* 

2 23 7.92 

14.40 1 · 22 7.89 7.51* 

2 13 7.13 

24.00 1 9 7.50 7.39* 

2 6 7.27 

•Significantly different at alpha= 0.05 (Bonferronl T-Test) 
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APPENDIX3 

FROG EMBRYO TERATOGENESIS ASSAY·XENOPUS (FETAX) CONDUCTED 
WITH CHEMICAL U2723 (ASSAY 3) 

Test Method: 

Type of Test 

Date: 

Investigator: 

Laboratory: 

Chemical: 
Designation: 
Source: 
General Water Quality: 

Test Medium: 

Test Organism: 
Scientific Name: 
AQ8 at Start of Test 
Source: 

Experimental Chambers: 
Material: 
Test Solution Volume: 

No. Organisms/Replicate: 

No. Organisms!Treatment 

Lighting: 

Endpoints: 

Test Temperature: 

ASTM De5ignalion E 1439-91 
ASTM(1998) 

Static renewal (every 24 h) 

May 22-26, 2000 

S. D.Turtey 

UMD/WREC 

U2723 
Wildlife lntemational, Inc. 
See Table A3-1 

FETAX solution 

Xenopus /aevis 
Stage 8 blastula to stage 11 gastrula 
UMD/WREC culture 

Glass petri dishes 
10ml _ 

25 

Control: 100 
Treatment 50 

Fluorescent; 60-85 foot candles 

Mortality; malfonnation; growth 

24 :1:2•c 

A3-1 
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Results: 

Note: For Assay 3, statistical calculations are based on the mean measured 
concentrations of 1.93, 3.27, 5.25, 8.26, 14.00 and 23.90 mg a.I.IL, rather than 
on nominal concentrations. 

Mortality: 

The 96-h LC50 = 15.3 mg a. i./l (95% confidence limits = 13.13 - 17. 75). 

The mortality data are summarized in Table /43-2. 

Malfonnat!ons: 

The 96-h EC50 (malformed embryos)= 16.8 mg a.i./l. (95% confidence limits= 
12.35 - 22.82). 

The number of malformed embryos are summarized in Table A3-2. The types of 
malformations are summarized in Table A3-3. 

~: 

The minimum concentration inhibiting growth (MCIG) =B.26 mg a.I.IL. 

The growth data are summarized in Table A3-4. 

Teratogenic Index: 

The teratogenic Index (Tl) = 0.9. 

A3-2 
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Table A3-1. Summary of The General Water Chemistry Data for Chemical U2723 -
Assay 3 - Dissolved Oxygen (mg/L) 

Test Concentrations (mg/L) 

0.00 1.82 3.07 5.19 8.64 14.40 24.00 

~ 

OH 8.2 8.2 8.1 8.2 8.1 8.2 8.2 

~ 

24H 8.3 8.3 8.0 8.2 8.2 8.2 8.3 

OH 8.2 8.2 8.2 8.2 8.1 8.1 8.2 

~ 

24H 7.4 7.2 7.1 7.0 7.0 7.0 7.0 

OH 8.1 8.1 8.0 8.1 8.0 8.0 8.1 

Day3 

24H 7.3 7.1 7.1 7.0 7.0 7.1 7.0 

OH 8.1 8.2 8.1 8.1 8.0 8.1 8.0 

~ 

24H 7.4 7.5 7.5 7.5 7.6 7.4 7.4 

Mean 7.9 7.9 7.8 7.8 7.8 7.8 7.8 

Min 7.3 7.1 7.1 . ·7.0 7.0 7.0 7.0 

Max 8.3 8.3 8.2 8.2 8.2 8.2 8.3 

A3-3 
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TableA3-1. (Continued) - pH (Standard Units) 

Test Concentrations (mg/L) 

0.00 1.82 3.07 5.19 8.64 14.40 24.00 

~ 

OH 7.14 7.24 7.31 7.33 7.37 7.40 7.37 

~ 

24H 7.18 7.19 7.15 7.14 7.15 7.14 7.16 

OH 7.11 7.21 7.28 7.35 7.35 7.39 7.34 

~ 

24H 7.21 7.20 7.18 7.17 7.17 7.15 7.23 

OH 7.15 7.23 7.30 7.37 7.38 7.41 7.32 

~ 

24H 7.23 7.21 7.25 7.26 7.24 7.28 7.25 

OH 7.17 7.21 7.26 7.34 . 7.36 7.40 7.35 

~ 

24H 7.18 7.21 7.24 7.31 7.35 7.40 7.29 

Min 7.11 7.19 7.15 7.14 ·7.15 7.14" 7.16 

Max 7.23 7.24 7.31 7.37 7.38 7.41 .7.37 

A3-4 

• 
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Table A3-1. (Continued} - Temperature c·c} 

Test Concentrations {mg/l} 

0.00 1.82 3.07 5.19 8.64 14.40 24.00 

~ 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

tlBU 
24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

~ 

24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

Dru 
24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

OH 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

aru 
24H 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

Mean 24.0 24.0 24.0 . 24.0 24.0 24.0 24.0 

Min 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

Max 24.0 24.0 24.0 24.0 24.0 24.0 24.0 

A3-5 
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Table Ji.:3-2. FETAX Toxicity Test Data - Percent Embryo Mortality and Malfonnatlons 
after 96 Hours of Exposure to Chemical U2723 - Assay 3 

Concentration Rep Number Percent Number Percent 
(mg/L) Embryos Mortality Embryos Malfonned 

Alive Malfonned 

Control 1 25 0.0 1 4.0 

2 25 0.0 1 4.0 

3 25 0.0 0 0.0 

4 25 0.0 0 0.0 

1.82 1 25 0.0 1 4.0 

2 25 0.0 2 8.0 

3.07 1 25 0.0 1 4.0 

2 25 0.0 1 4.0 

5.19 1 25 0.0 1 4.0 

2 25 0.0 2 8.0 

8.64 1 23 8.0 1 4.3 

2 20 20.0 5 25.0 

14.40 1 14 44.0 4 28.6 

2 14 44.0 7 50.0 

24.00 1 6 76.0 5 83.3 

2 5 80.0 3 60.0 

A3-6 
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TableA3-3. FET AX Toxicit}' Test Data -T~ and Number of Malfonned Embryos 
after 96 Hours Exposure to C mical U2723 - Assay 3 

MllfOll1lllllon 

0 U2 3J11 5.111 9.04 1'4.'40 2'4.00 
R1p R1p R1p R1p Rip R1p Rip 

1 2 3 4 1 2 1 2 1 2 1 2 1 2 1 2 

s-.. 

Slldtd 

cw 1 2 1 3 2 3 

Edin: 

~ 1 

C8ld9c 1 3 

Abdonhl 1 

FllClll 

Cephllc 

Opllo 1 

Tll 

Noloc:honl 1 1 3 3 

"" ' .... 1 1 1 1 1 1 3 3 • 3 3 

~ 

8nln 

HM •llll'lhlOI 

C8ld9c 2 

e..,_ 

aa... 1 3 1 3 

fMllformed 1 1 0 0 1 2 1 1 1 2 1 5 4 7 5 3 

* AlllA edema. 

A3-7 
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Table A3-4. FETAX Toxicity Test Data - Embryonic Growth (Length) after 96 Hours 
Exposure to Chemical U2723 - Assay 3 

Concentration Rep Number Embryos Average Me.an Average 
(mg/I..) Alive Length (mm) Length (mm) 

Control 1 25 9.54 9.47 

2 25 9.64 

3 25 9.31 

4 25 9.40 

1.82 1 25 8.83 9.10 ' 
~ . ,. 

2 25 9.36 

3.07 1 25 9.11 9.28 

2 25 9.44 

5.19 1 25 9.25 9.28 

2 25 9.30 

8.64 1 23 8.70 a.s1· 

2 20 8.31 

14.40 1 14 8.08 8.11* 

2 14 8.14 

24.00 1 6 8.~ 7.80* 

2 5 7.53 

•Significantly different at a!pha = 0.05 (Bonferronl T-Test) 

A3-8 
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APPENDIX4 

ASSAY 1 RAW DATA SHEETS FOR FROG EMBRYO TERATOGENESIS 
ASSAY·XENOPUS (FETAX) AND 6-AMINONICOTINAMIDE 

REFERENCE TOXICANT FOR CHEMICAL U2723 

Note: The nominal concentrations of 1.9, 3.2, 5.4, 9.0, 15.0 and 25.0 mg/l 
In the raw d$ correspond to the nominal concentrations of 1.82, 3.07, 
5.19, 8.64, 14.40 and 24.00 mg a.I.IL In the report. 

M-1 
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FORM 80 (Page 1 ~: FETAX TOTAL SUMMARY DATA SHEET HtllttJoof/-.,~-
..... _ 

~' tl --- -NN<-JID,...ft)1.&,·1r-t,•-~·: ,!!?£ 

~ I ~i-~-+-+-++-+-+-+-+-+-+-+-+-+-+-+-+-t-+-+-+--+-f-+--t-4 
iU .. ~~)(JJ();t~t~~~t\i~..91noo ~~oo u ! ~~ .. , 

;! 

• c gg 
- -- Id:<'.! B g ,_ - - .a 

~ -
! 

.- • ,. - • " • I : ::::••::z:a li a a ;;:. 

..........,.,. __________ °''-·-----
----------------~------------------~~C] 
Aquatic 'lblicology ,,:-,.. ftl!'ll 
Int Practices for the Cuttun: ind Tesdns ol Selected Msh ~ ~Species • Uboncoty ~nu1I ....-...=-~ 
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FORM SC: FETAX MORTALITY DATA . 
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Petri Dilht' 
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. 01 i:g-~\A 
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. 03 R;~('.,.h\ (', 
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-. 
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?S 
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'2S' 
?.~ 
z~ 
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25 
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:>.$' 
z~ 
z~ 

''S( 

~~ 
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J4 441 7J 
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0 0 0 
0 · O 0 

0 0 ·o 
0 (') Q 
0 0 I . 
0 0 0 
·o 0 0 

0 0 0 
0 2. 0 
0 . 0 2. 
2. 2. 0 
0 2. 0 

0 2.. I 
2. I s 
0 2. 19 
0 .~ n 

.. 

•1sr; ''s:K •1~ 
Dole Dale 

~re. Si-. ~, .. , 

Toi.II ,., ... 
" OeM 
Ht. .......,... 
I I 
0 0 
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FORM 81-{: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 

~.,. __________ o. ••. ___ _ 

~~~~~~~~~~~~~~~-~C::? 
Aquatic To:dcologr 
8-Pncdce:s (~cl,. CufltJr~ ind Tnci11g ol Stftaecl Fith a11d !'tog SpeciH • ubo<3<ory ·~nuaf 
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FORM 8H: fETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 

~ '.~ e J 
;:i l'>C 

lo 
;; l"l( 

(') 
::i J. 

l :: ;/. I ::; ~ J 
i == '( 

!: ) 
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i~ = I-
J! . a a : l-:.1 

::: ' -
$ ::: l>C 
~ 

I ~ 
: · ?( 
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J~ 
.., 1-,. 
..:..~ 

ti .. 1~ 

,. 

! ~ = I 3 i . f i l ! 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORMATrON DATA 
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FORM SH: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 
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~ 
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0 
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l 
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FORM SH: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA ---

- ;!; 
rJ t-;:i-t-t-

} ;; 
.! t-+-+-
l .. ~ 
' ~ :>< 

= .>c 

_,, __________ 0.1 •. ____ _ 

~~~~~~~~~-'--~~.:st:] 
Aquatic Toxicology 
8Ht Ptaalces '°'!lie Cul tut~ Mid Testing o( Selected Fish ~rid Frog SpeciH • l..:lbot•!ory •"'->nu•I ~ ~ m 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 

---
a e ~It-
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'l . ;; >< - --
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: ~ ---
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~ ~ =I> -t- I-

~ - ~ I> ... "'\( - --
j~ =I>< - --= 1:-1 
!I ,_ ,_-a ~ : ':>( . . . -,_-

=I>' - - --
)j =I~ ---=I>' 
.J ~ -,_ -. 
l !:5 :!! I>' 

";-~~ '::> -
J J 

. 
~--.. I'll ~ 

! ~ .. l>o I>< . .. r>< ~ 

• ,. >< >" ,..c 

j~, .. ..... . ~ ',.i ... r.c . r...< i',.c .._,__ r21!;( '-,..c ,,.c',..c 1~ '>" l....t ,..Cl')'( 1--. 
4 <; ~ 

IL ti ~· I 
j t ~ I I J ) ~ f f a J ) a ! ! 1 I ~ I ! !' i ~ .!-

---~~~~~~~~~~~..:!ell 
Aquatic Toxicology 
8est~fortheCultureandTn<ing o/ SelectedfishM1d F<og S~ • LiborJrory .;.unu~f ~El 
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FORM SH: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 

,._,__ 

R 
1-- ,.._ ..... 

I~ ..... -
i !.-~ 
I. " 

= ')( 

. I>< 

..,._,~--------------------OM•, ________ _ 
-------------------------------~&::!c::i Aquatic 'l'oxicology 
Best Praaice1 f0< !he Culture~ TC1ting o( Selected fislunc:t ffog Specie1 • 1..>botJtO<y ManuJI ~ m 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 
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I ! ! .!- j J ~ I t j 
_,,, __________ 0•<•-----
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Aquatic 'l'oxicology 
Best Pracdces '°"the Cukure and Testins ol Selected Fi1lu11d Ftog Species • ubomO"f M~nu;il ~ Em 
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· 96 Hour Test Data 
EffiuenVGroundwater.(!"--o-xi-ca-nO Chem 1<:.?\ U 2.12.3 Date: [r)~ 15-\ 9.?ap 
_Tuf"'°'"'"~"'""'"'t;...;.'"=tJ'-Ti...,cs=~'--=-=1'------------- Analyst&f.Ae. I,~ ' 
Species: Xo00~ \a<--1·,~ Age at Start of Test: ~ {i4,a-u) 

Control ·DayO Day 1 Oay2 I Day 3 Oay4 

ft,~ ~"l'\\ro\- O·H Old · New Old New I Old New Old 

Temperature (•C) 24.0 '2-4.o 24D '2'4·,0 14.ol ?A.o 2.4.o 24,0 
0.0. (mg/L) a:~ ~.o 8 .4 1.1 8.3 7.4 8 .3 . 7.7 
pH . 7.14- 7.2fo 7.24 7. l<.. l."lZ 7.1\ / . 13 7.1\ 
Conductivity I 
Alkalinity I 
Hardness I 

I 
l.9 mo. IL DayO Day 1 Oay2 I Day3 Oay4 

U2..72.~ OH Old New Old New I Old New Old 

· Temperature (•C) 2.4.o ?/to 11t.o 7.1.,0 ? L1. n b A.o lA-.0 2A.O 
0.0. (mg/l) ~4 7.8 8 .4 '7.7 s.3 I -,.-:r 8.2.. 1.1 
pH /.76 . 7.?A- · 7.45 1.\7 1.z.s I 1.13 7 ,z;:J ( . \"$" 

Conductivity I 
Alkalinity I 
Hardness 

. . I 

~.1 trc../L OayO Oay 1 Oay2 I Day 3 Day~ 

U2.'1Z.3 O.l:t -~ . Old New Old I· Naw ·i Old New Old 

Temperature (• C) '2.4.9 '2J\..D '2.4.o ?.4 .o I "2-4.0\ M.o ?.4.0 '24.0 . 
0.0. (mg/L) A.4 '7.'3 ~.$" ?.(p I e.4 I 7.'7 8.\ "1. (o 

pH 7 .1'3 i.YJ 7.3S 7. 2J) ! -r. 2.8 I 7 . 1fQ ( .2,3 -r.\e 
Conductivity I I 
Alkalinity I I 
Hardness 

A.4-18 
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De.\f .... ~ ... T,,.\- l 

96 Hour Test Data 
Page -1.._ of _3_ 

5.4 l'rn/L DayO 

02.12.~ OH 

Temperature ( • C) ·2.4.o 
D.O. (mg/L) ~.4 
pH -,.'10 
Conductivity 

Alkalinity 

Hardness 

q.o M:llL- Daya 

U?12.~ OH 

Temperature·(·C) 2.4.0 
0 .0 . (mg/l) 8 .4 
pH 1.16 
Conductivity 

Alkalinity 

Hardness 

\~.OJ!'t.\IL Daya 

021'2.3 OH 
Temperature (•C) ?.4.0 
0 .0 . (mg/l) . . 8.4 
pH i.7~ 
Conductivity 

Alkalinity 

Hardness 

- 70 -

Day 1 . Day2 Day 3 Day 4 

Old New Old New Old New Old 

Z.4 .o 'lA-.0 ?4D ?..4.o 7.4 0 ?.4.0 24.0 
1 .~ 8.4· I .{ 0.3 7.7 8 ,2. IS 
7.34 1.43 7.23 l t .32 I /.17 /,Z;S -r.~~ 

I 

I I 

Day 1 Oay2 Oay3 "Day 4 

Old New Old New Old New Old 

2.4.0 2,4.o 24.0 I 2.4.0 2.+.o ?A.o 24.o 
ao ~S' 7.'a 8:2. 7.f!> 8.1 -r.7 
7.35 7.43 7.2. <. 7.M- '7./5 /.lfo /.18 

I 

Oay 1. Oay2 Oay3 . Oay4 

Old New Old New Old New Old 

24.o 74.o 24.0 '24.0 24.0 z4.o 24.o 
So S:'i' 7 .S I A.3 1 .9 e., l.i 

7.34 1.4+ '7.Z.3 /.:6 1.18 7.Vc 7.W 

I 

A.4- 19 
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96 Hour Test Data 
Page _3_ of ...3_ 

25.o m./1... DayO 

OH 
Temperature {•C} 24_0 
0.0. {mg/L) 8S 
pH '·"2. 
Conductivity 

Alkalinity 

Hardness 

OayO 

OH 

Temperature ("C} 

0.0. (mg/L) 

pH 

Conductivity 

Alkalinity 

Hardness 

DayO 

OH 

Temperature c•c) 
D.O. {mg/L) 

pH .. 
Conductivity 

Alkalinity 

Hardness 

- 71 -

Day 1 Day2 

Old New Old New 

'2,4.o 7A..0 1.4.0 ll\-.o 
I.~ 8.4 "1 .~ B3. 

·1.33 7.'3Z l."l5 1-"l7 

Day 1 Oay2 

Old New Old New 

Day 1 Oay2 

.Old New Old New 

A4-20 
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Oay3 Day4 

Old New Old 

·?.4..o '2.4.0 -z,f .o 
1.') 8.l 7.7 
(of)S" /.18 t.\q 

Oay3 · Day4 

Old New Old 

Day3 Oay4 

Old New Old 
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- 72-

96 Hour Test Data 
. EffluenVGroundwaterrr oxicant: '2- tlrn.ron1eab°""~~. (r cl' i) Date: s-l 1s-f-s!1'l 1~ 
----.-----------------Analyst:_?( ___ _ 
Species: Xi.rof='> 6,.,,, Age at Start of Test: ~ e -~ 1;\ 

GeAlFel .oayo Day 1 Day 2 Oay3 Oay4 

55 fflq/L (<o-A~) OH Old New Old . New Old New Old 
Temperature (•C) . '24.o 14.o 14.o ~ £/.\..0 'l,4.0 <.A-.o 7.4.0 
0 .0. (mg/L) A.4 e.o A.-s l .°l 83 7.R ~.~ 7.(o -
pH ~:S<o 7 .3\ 7 .2.1 /.\'l 7.:1) 7.l~ 7.Z.ts. ~o{ 

Conductivity 

Alkalinity 

Hardness 

.. .. • .. 
25o:">J~f L (C,.Jl~ OayO Day 1 Day 2 Day3 . Day4 

OH Old New· Old New Old New Old 
· Temperature (•C) ?,4..o 1.4.i> ),40 04-.o , 7.4.c ZA.O (,4D Z4.o 

D.O. (mg/L) 8 .~ -,,., B .~ 1,1 8.3 l.(o 8.3 7.4 
pH "7.* l .U, · 7.W 7.14 7.~ 7.10 '"7.\l 7.04-
Conductivity 

Alkalinity 

Hardness 
. . 

.. 

. . 

Daya . Day 1 Day2 Day3 Oay4 

01:{ Old New Old ·New ·· Old New ·Old 

Temperature (°C) · .. I 
D.O. (mg/L) 

pH 

Conductivity 

Alkalinity 

Hardness 

A.4- 21 
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Chemical U2723- Definitive Test 1 
Embryo Length Measurements (mm) 
Page 1 orJ(3 

Control A Control B Control C Control D 1.9 mg/LA 1.9 mg/LB 
1 8.86 8.66 8.96 8.78 8.76 8.48 
2 9.06 8.03 8.83 8.91 9 6.26 
3 9.36 8.25 8.83 8.01 9.11 8.23 
4 9.25 8.69 8.07 8.63 8.25 8.2 
5 8.93 8.1 8.44 8.08 8.5 8.75 
6 9.32 8.35 9.41 8.61 8.82 8.31 
7 9.76 8.4 8.05 8.83 7.44 8.3 i: 
8 9.29 7.74 7.51 9.1 8.3 7.83 I 

9 9.37 8.38 7.88 8.94 8.36 7.96 
10 9.54 8.68 .7.96 9 8.23 8.53 
11 9.39 7.29 8.1 8.83 8.93 8.16 
12 9.28 8.28 7.96 7.58 8.58 7.27 
13 9.29 8.58 9.05 8.01 1.59 8.5 
14 8.76 8.81 8.17 8 .33 . 9.45 8.75 
15 8.22 8.36 8.28 8.75 8.51 8.41 
16 8 .1 9 8.6 7.45 8.83 8.87 8.25 
17 7.93 8.85 7.94 8.4 8.17 8.16 
18 9.56 8.72 8.17 8.14 8.n 8.16 
19 8.96 8.36 7.34 · 8.54 8.24 8.03 
20 8.51 8.55 10.06 8.78 7.88 8.47 
21 9.17 9.02 9.22 8.95 9.05 8.21 
22 9.19 8.16 7.47 8.53 8.47 8.27 
23 8.58 7.87 7.81 9.46 7.93 7.67 
24 9.45 8.73 8.02 8.29 7.42 8.55 
25 8.64 8.36 9.12 7.67 

Mean 9.0508333 8.404 B.2936 8.6172 8.44375 8.1352 
Min 7.93 7.29 7.34 7.58 7.42 6.26 
Max 9 .76 9.02 10.06 9.46 9.45 8.75 
Stand. Dev. o.47234n 0.3886194 0.6695949 0.429627 0.5323027 0.5190466 

A.4-22 
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Chemical U2723- Definitive Test 1 
Embryo Length Measurements (mm) 
Page 2 otx.S 

Mean 
Min 
Max 

3.2 mg/LA 3.2 mg/L B 5.4 mg/LA 5.4 mg/L B 9.0 mg/LA 9.0 mg/L B 
1 9.24 9.22 5.61 9.7 8.73 9.16 
2 9.15 8,66 8.41 8.92 8.89 8.52 
3 8.84 9.4 6.85 7.33 7.24 9.18 
4 7.53 8.78 6.63 9.14 8.4 6.34 
5 8.95 8.74 8.59 8.98 8.37 8.6 
6 9.21 8.76 7.42 8.25 8.44 8.84 
7 8.01 9.09 8.98 8.45 9.51 8.89 
8 9.25 8.34 8.73 8.37 9.23 7.41 
9 9.54 9.37 8.92 6.25 8.66 8.83 

10 9.39 8.44 8.6 8.84 8.87 8.73 
11 8.07 8.35 8.39 8.75 6.98 9.26 
12 10.08 8.03 7.61 9.26 8.32 9.45 
13. 9.2 9.04 8.51 7.97 . 8.83 9.42 
14 8.84 9.18 9.35 8.79 9.15 9.22 
15 8.94 8.76 8.16 8.5 9.5 8.99 
16· 8.09 8.07 9.1 8.93 9.45 9.01 
17 9.38 7.17 9.41 9.11 9.81 9.82 
18 8.78 8.97 8.72 9.76 9.09 9.4 
19 8.08 9.18 8.91 8.72 8.94 6.95 
20 9.66 9.58 9.32 8.33 9.6 7.57 
21 8.84 8.27 9.57 B.58 9.52 8.24 
22 9.28 8.61 8.79 8.27 9.24 
23 7.69 B.23 9 6.33 
24 9.16 9.04 
25 

8.72 
7 .17 
9.58 

Stand. Dev. 

8.8833333 
7.53 

10.08 
0.6501483 0.5448654 

8.4165217 
5.61 
9.57 

0.9830824 

8.6 
6.25 
9.76 

0.7544029 

8.8347619 
6.98 
9.81 

0.7235373 

8.5826087 
6.33 
9.82 

0.9891145 

A.4-23 
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Chemical U2723- Definitive Test 1 
Embryo Length Measurements (mm) 
Page 3 of 3 

Mean 
Min 
Max 

15 mg/LA 15 mg/LB 25 mg/LA 
1 9 6.55 
2 9.57 7.85 
3 7.8 7.65 
4 7.73 7.76 
5 7.79 8.9 
6 9.5 7.28 
7 7.5 7.43 
8 8.86 8.52 
9 7.46 8.2 

10 9.28 8.48 
11 7.84 6.51 
12 10.24 
13 8.51 
14 7.14 
15 8.91 
16 7.41 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Stand. Dev. 

8.40875 
7.14 

10.24 
0, 9429519 

7 .7390909 
·s.s1 

8.9 
0.7726895 

PROJECT NO.: 454A-l 16 
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6-Aminonicotinamide 
25 mg/L B 5.5 mg/LA 5.5 mg/L B 

A4-24 

7.95 6.99 
8.21 7.77 
8.46 7.99 

8.3 8.92 
9.6 8.4 

9.02 7.8 
7.46 9.12 
7.59 9.23 

7.7 8.11 
8.1 7.55 

8.16 8.57 
8.01 7.96 
7.99 8.41 
9.11 8.69 
8.81 7.95 
8.41 8.12 
8.16 9.04 
7.44 8.27 
7.39 7 .84 
7.8 7.93 

8.12 7.15 
8.91 7.38 
7.65 

8.1891304 
7.39 

9.6 
0.5832504 

8.145 
6.99 
9.23 

0.6140556 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 

~ :: ')( 

r 
=I>' 

JJ~: !:: :>< 
• I :! t>< 

I~ ~ !'>I .. 
.!! Ci Q 

= I,.. I >'O 

= I'>' - I~ I'>< 

l ~ = ,.. 
r - = I>' 

jc ~ I)' 
C-l,'9 

.. 

rx 

,,. I~ 1.,.c ,. 

l>C -1 1 .. •' 

! 1 .. .. . 
,. >' ,. ~,. 

>< . L "1< ,. 

x 

I~ 

,,. 
,,. 
.rx 

_.,. ___________ o ... ____ _ 

~---------------------------&::Sell Aquatic To.ticology · 
Best Ptaaices l0t IN Cub.rt! ind Testing of S~lected Fitl\11\d Frog Spl!cief • l...lbomory .1.ianu•I 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 

~ r-T"T"9'""-: 

I ~ l>I 
! i. Ix 
~ ,. ,)C'. 

dX: 

I~ 

,,. 

. ~ I.,.. 

I> I,. 
.... 

I>< r::i-
I> 
>< 

Hor~ .... _ 

~;._ 

_., ___________ °''"-----
--~~~~--~----------~~~-.-:sc::i 
~quauc Toxicology ~ ~ ~ 
Best Praalces for the Culcure •nd Testing ol Selec1ed Fish•nd ft0g Speci~ • L•bot•1oiy M<lnu•I ~ ~ 

A.4-26 



I 

VVILDLIFE INTERNATIONAL, LTD. PROJECT NO.: 454A-l 16 

- 78 -

rRIMMED SPEABMAN-KARBBR METHOD. VERSION l.5 

U2..12.~-~ \ 

DATE: 5/15/00 
TOXICANT : U2723 
SPECIES: xenopus 

RAW· DATA: concentration 
--- ---- (111.q/l) 

.oo 
2.00 
2.83 
4.73 
7.90 

14.70 
24.60 

SPEABMAN-KARBER TRDI: 

TEST NUMBER: l 

Number 
Exposed 

100 
50 
50 
50 
so 
50 
50 

1.01' 

SPEARMAN-ICARBER ESTIMATES: LCSO: 
95' LOWER CONFIDENCE: 
95\ UPPER CONFIDENCE: 

DURATION: 

Mortalities 

l 
1 
2 
5 
6 

19 
50 

13.77 
12.38 
15.31 

96 b 

NOTE: MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
ADJUSTMENTS WERE KADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 

------------------------------------------------------------------------------
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TRIMMED SPEARMAN-KARBER METHOD. VERSION 1.5 

DATE: 5/15/00 
TOXIC.ANT : U2723 
SPECIES: xenopus 

TEST NUMBER: 1 DURATION: 9 6 h 

RAW DATA: concentration 
--- ---- (mg/l) 

.oo 
2.00 
2.83 
4.73 
7.90 

14.70 

SPEARMAN-KARBER TRIM: 

Number 
Exposed 

~9 
49 
48 
45 
44 
31 

36.98t 

SPEARMAN-KARBER ESTrMA.TES: BCSO: 
95t LOWER CONFIDENCE: 
95% UPPER CONFIDENCE: 

Mortalities 

4 
4 
7 

10 
11 
20 

12.08 
10.00 
14.58 

NOTE: MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 

A4-28 
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'l'itle: u2723:Asaay l. : embryo lenqth data (1119) 
File: ASSAY1LE. Transform: 

Shapiro - Wilk'a Test for Normality 

PROJECT NO.: 454A-l l6 

NO TRANSFORMATION 

----------------------------------------------------------------------------
D ""' 0.6683 
w ... 0.9649 

critical W ... o.8250 (alpha • 0.01 , N • 14) 
w ... 0.8740 (alpha • 0.05 , N • 14) 

----------------------------------------------------------------------------
Data PASS norinality test (alpha• 0.01) . Continue analysis . 
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Title: u2723:Assay 1: embryo length data (ag) 
File: ASSAYlLE. Transform: NO TRANSFORMATION 

Bartlett's Test for Homogeneity of Variance 
----------------------------------------------------------------------------
calculated Bl statistic s 2.3953 (p-value • 0.7922) 

Data PASS B1 homogeneity test at 0.01 level. Continue analysis . 

Critical B • 15.0863 (alpha = 0.01, df = 5) 
- 11.0705 (alpha = o.os, df = 5) 

Using Average Degrees of Freedom 
(Based on average replicate size of 2.33) 

calculated B2 statistic a 2.2190 (p-value = 0.8181) 

Data PASS 82 homogeneity test at 0.01 level. continue analysis. 
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Title: u2723:Assay 1: embryo lenqth data (mg) 
File: ASSAY1LE. Transform: 

ANOVA Table 

PROJECTNO.: 454A-116 

NO TRANSFORMATION 

----------------------------------------------------------------------------
SOURCE DF SS MS p 

----------------------------------------------------------------------------Between 5 0.7451 0.1490 1.7838 

Within (Error) 8 o.6683 0.0835 

------------------------------------~---------------------------------------Total 13 1.4134 

----------------------------------------------------------------------------
critical p - 6.6318 (alpha - 0.01, df - 5,8) 

- 3.6875 ' (alpha• o.05, d~ • 5 1 8) 

(p-value c 0.2224) 

Since F < critical F FAIL TO REJECT Ho: All equal (alpha = 0.05) 
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Title: u2723:Assay l: embryo length data (lll<J) 
Pile: ASSAYlLE. Transform: NO TRANSFOIUIATION 

Bonterroni t-Test TABLE 1 OF 2 Ho: Control<Treatlllent 

TRANSFORMED MEAN CALCULATED IN SIG 
GROUP IDENTIFICATION KEAN ORIGINAL UNITS t STAT 0.05 

-------------------- --·--------- ------------------ ------
1 con 8.5900 8.5900 
2 2.00 mg/l 8 . 2900 8.2900 1.1985 
3 2.83 mq/l. 8.8000 8.8000 -0.8390 
4 4.73 "IACJ/l 8.5100 8.5100 0.3196 
5 7.90 10.q/l 8.7050 8.7050 -0.4594 
6 14.70 mq/l 8.0750 8.0750 2.0575 

----------------------------------------------------------------------------Bonterroni t critical value = 2.8965 (1 Tailed, alpha • 0.05, ~ • 5,8) 

Title: u2723:Assay 1: embryo lenqth data (mq) 
File: ASSAY1LE. 'l'.ranstorm: 

Bonferroni t-Test TABLE 2 OF 2 

NUM OF MIN SIG 
GROUP IDENTIFICATION REPS (IN ORIG. 

NO TRANSFOIUIATION 

Ho: Control<Treat.ment 

DIFF ' OF DIFFERENCE 
UNITS) CONTROL FROM CONTROL 

-------------------- ------- ------·---------- ------- ------------1 con 4 
2 2.00 mg/1 2 0.1250 8.4 0.3000 
3 2.83 lll<J/1 2 o. 7250 8.4 -0.2100 
4 4. 73 mg/l 2 0.7250 8.4 0.0800 
5 7.90 10.g/l 2 0.7250 8.4 -0.1150 
6 14.70 mg/l 2 o. 7250 8.4 0.5150 

----------------------------------------------------------------------------
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APPENDIX& 

ASSAY 2 RAW DATA SHEETS FOR FROG EMBRYO TERATOGENESIS 
ASSAY·XENOPUS (FETAX) AND 6-AMINONICOTINAMIDE 

REFERENCE TOXICANT FOR CHEMICAL U2723 

Note: The nominal concentrations of 1.9, 3.2, 5.4, 9.0, 15.0 and 25.0 mg/L 
In the raw data correspond to the nominal concentrations of 1.82, 3.07, 
5.19, 8.64, 14.40 and 24.00 mg a.I.IL In the report. 

AS-1 
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FORM 80 (Page 1 ~): FETAX TOTAL SUMMARY DATA SHEET """~~-

~ 
fl 

~ 'H - (\) c - ('.. (\) N 0 - ...t ~ \() .q- O' :...s: ..... ~ ~ 
::::; r;-~--,--r--r-;r--r-r-"t-1-t--t-"t-1'-r-t-"t-1'-t--t-t-t--t-1-1,.......,..~ 
Li ~g 
H3 ~j 

;! 

~~1 . ~ ~ ....... : :· : ... : .... ~ s : 

,.,._ 

. 
l 
;;: 

~~--~~~~~-------~~--~~----
----------------------------------~Cl Aquatic 'l'oiicologr ~ ~ ~ 
Best Practlc:es lor !he Cultur~ •nd Tescing ol Selected fish 3nd Frog Specin • l..:lbor3!0ry .l.\3nual ~ Sli:iil 
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FORM SC: FETAX MORTALITY DATA 

r..i _._ l\&..t+ Tw Z. 
Ttsl~ol \J 7T2..3> 

Ptlri Olah/ 
,......n-10 

Conc:eftlralion 

0\ a:.--1'. I.I ~ 

(')7 --. .1111p, 

o~ Go,"'"'''· I If' 

04 0- :-A.t " . l 1.)) 
CF; 1.~-h A 
(1,, 1.C\~k.. R 0., ~J.:..1.. A 
~ 3).~ 't.. R 
(}~ 5.+~lt A 
10 s.+~ /1. R 
I I >~(\-It. A 
l7 l~.o.:. t. R 
I~ "°·() ~ I. A. 
1-1. lS°.o- II K 
\6 ">'-.A.:.. 1, A · 
lb ?S.l\,.:. II R 

~ 

.,.11 \. 

\~ ---~-IL A. 
70 s.s ... u. ~ 
2. \ i'!'m-:....11. A 
22.. r.:m.:;._ fL 8 . 

.. 

lttltlal 
No. ol 

~ 

7..," 
'"},.~ 

i~ 
?::\ 
J~ 

")~ 

't"'S 
1,t;° 
'lS· 
') _c::; 
?~ 

75 
')$" 
15 
15 
?5 

?J; 

?5 
2.'°) 

2.5 

.,, 
Oa~ 

MortaUty 

24 41 n 
Hr. 11r. Hr. 

0 n 0 
() 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 l 0 
0 \ 0 
6 0 0 
0 l t o 
0 I 0 
0 I 0 
I (\ 0 
0 ,?., .i 
0 I 13 
2. •11 

() 0 \ 

0 0 I 
0 9 A 
4- ~ ~ 

. . 

17ST · ly~ .,~1 

o~'h:t 0.t;i74 o.i. 
"'>17~ 

T...S - % Total No. 

" Ocad o.acl . ·'"'11<Jvs "'· fm...,.... ~ Ali..niqd 

0 0 0 z.s 
() {) 0 ?}S 
0 0 0 L'S 
\ \ ~-\) 24 
0 0 0 1,S 

) 0 0 2S' 
I I 2.. a 2.3 
- 3 \2.. 12. 
i l 4 2.4 
2.. ~ ''- zi. 
l. 3 \1. 22. 
I 2. e i:~ 

1.. 3 \-Z. '22.. 
(;, 1i. 4e 13 
z. \b Cd\- ~ 
5 t~ ·7r.,, b 

0 . ' 4 2A· 
I . 2. 8 z.a 
~ 2S' \00 0 
5 '2.5 100 0 

115T ly'Oi 
Date 0•!;-11!. .SlUo 

__.., ___________ o. ... ____ _ 

----~----~--------~~~c:::i 
Aquatic Toxicology .,,:-.._ 'l!P.l!'ll 
Best Practices for the Culture ind Testing of Selected f'"'1 and Frog Species • ubotatQrf Manual ~ ~ 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 

~ 
~ 1<t'i1-

J 
;:i )( ,_ ,__ >-

~ P< : 

s:: ~ 

I s:: x ,_. ,__ "'""': 

11 .. l>I 
i! 

~ ! ~ I')( 

-t 
,.._ ,__ 
: I>< 

~ 
!! I>< j~ 
::: I;.< 

a') ... 7 . ' ': ~ -: .B 
a ~ = I,< 
~ 
Q 

. a :: po( 

= Ix 

C\S ~~ 
~ .,.... = b<: 
i ~ 2·1,.. 

1- r- . . . 
!::: .. "" -- .. f-,( 

j I .. It<-
i 

~ 1 .. ~ .. .. I')( 

< .~ 
........ 

:1 ;., I..< 
~ ~ ~ 

~~ , I ! 

I 1 I I 8 .. 
j l j t ~ i ! li li J 
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"'"'-
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! I . 
! ~ l- 1 

t: 1 a 

:li" 

i t 
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_lly __________ °"'·-----
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORN\ATION DATA 

~ 
J 
.l 
l 
! 

8 
J. ~ 
\I) 

""IQ . . 
I 
:I a .!! s 

(\J 

+: 

--rl ~ 

·~ s 
::If,.< - 1-1-

;:; "" I-I- ..... 

~~ - .__,__ 
Rl)j - I-'-

;; ~ 
t- I-'-

Iii .lo' -- ----"="-

= •">' ,_ .__.__ 
: I~ ,_ .__,_ 

:::: I')( ,_ .__,_ 
:: ')( -- I-

:: Ix 
...... '-- '-
:; )< ,_ '-- I-

= >( ---= ")( 
=~ 
2 )ol 

.:. ~'.. ~~ 
':- !)( ~ 

-=-~~ 
I-'-'-

~~~ .. ~ 
";;"'~~ 
t- .......... .. ~ 

" '>-. 17' 

_tr _________ _ o.,. _ _ __ _ 

~----~~~~-----------li:'SC] 
Aquatic 'l'oiicology ~ ..._ ~ 
Best Pr1ctices for <he Culiure •nd Testing ol Selected Fish ~n.d Frog Species • L~bot•tO<)' .'•lanvol ~ ~ 

AS-5 



WILDLIFE INTERNATIONAL, LTD. PROJECT NO. : 454A-l 16 

j 

J 

J 

J 
J 
J 
~ 
J 

- 89-

FORM 8H: FETA)( INDIVIDUAL EMBRYO 
MALFORMATION DATA 

,...,..._ 

§ !lo 

· ~ 
::I )( 

~ !){ 

R ')( 
.. 

f 1:1 :><. 
.! 
'l 
Ii! 

;; >( 

' ~ !>' 
.,. ~ ~ 

~ 0 : !-,( 

~ 
...£! 

I~ ::: )( 
\Cl 

:;- ' ':! ~ 'l N 

j~ 
=~ ~ 

i ~ 
Cl a ~ 1,.: 

:l I>< 
C\J 

:! !,< _I 
~ r-- ,_ 
r = po< 
j ~ , ,,.. 
t.~ r-
~ .. l:>C 
-' • I>< 

1 l ... )'C 

! ;! .. ...< 

·I.>< 
• l,..C (.) 
., I....: 

j .. I,.: 
- 17< . 

C'f) c:; 

0 ~ 

L ~ 8'.1 ti I ·1 l .I 

! l ·l 
!o 

~ j g .. 
J 3 

. i 
i I !:: l ~ j . Cl li ! ! ;! i r. ~ ! g ! ... 

...._,, ___________ 0.1•·-----

-------------------------li:! c::i 
Aquatic 'l'oxicology 1' ~ 
Best Pnaices for cti. Culture and Testing ol Seftcted Fist\ ~nd Fros Species a ubor~10ty Manu.il ~ ~ 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 

~ s ~I-
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.f R l..,.c 

.s 
i ;:; , ... 
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~- = >< 

~ = 
•...c 

jj 
:: ~ .,,;:; ~ 

:~ 
~ I>< 

j~ : I,.: 
~ j Q 

: >( 

::? "" 

N ~I>< 

~ :: .,t 

~ 
~ 

B =~ ... '>( - - "" i l ... "" 
! ! .. i~ .. lt 

J~ 
.. I~ ..... !;; 

~ 
.. 
" b< 
.... -

i ~ I ~ 
i ~ i i i 
~ j § 

~ i l 
.. 

! t ~ I Ji ' i i 3 ! ~ A a 
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FORM SH: FETAX INDlYIDUAl EMBRYO 
MALFORMATION DATA 

~I~ It\ 
:l ~ ,_ --
:; )( 

k5 ::i l'i' 

~., __________ Oa••-----
~~~~~~~~~~~~~~~~c:::i 

Aquatic Toxicology .,,:-,.. l!'P.ft 
8nt P~es f0< lh~ Culti.re and Testing ol s.!Kled F;ih;ind f1og SpeciH • l.>bor~eoty Milnuil __,. ~ 
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FORM SH: FETAX .INDIVIDUAL EMBRYO 
MALFORMATION DATA 
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... \11 ...... ...... ...... . . :! l)o( 
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Q 

;!: """ ---
= >l 

cJ = 1)'( 

~ ,_ ._ I-
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.l~ 

~ 11' 
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~· 

! ! ... ',< 
.. I><: 

... ~ .. ~ 
ICO ,. 
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->ii ~ "S<E!!l I'>'< 
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l 

Ii ... 
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FORM SH: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 

~ 
2 .::-~ I 
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;:i )( 

- -- . 

I !:: I">< ,__ ,___ 
'I ;; ',< 
i!! -t- '"-

~ 2 ~ 
1-- ,_ ~ 

J = I,< 
.) 

= 'ti 

~i 
1-- t-'-

:::: t:>< ,_ I-'-
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:.! 1~ ----= ~ ~ :: 
,__ ._ 
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1-- t- '--
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8d Pr.aices for !he C...lture Mid Tesdng ol Selected nsh ~ Frog SpeciH • ubot~toty ~nu~I ~ Em 

AS-10 



WILDLIFE INTERNATIONAL, LTD . PROJECTNO.: 454A-116 

- 94 -

FORM 8H: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 

Hoc~Ho._ ,.,._ ---
§ ~ c 

~ 
->-1-

~ 

~ 

::I 

} s:: ... 
! 

- .,.c J ... 
! 

" I' 

~ 
~ ,.c 

~ 8 = .. 
·(~ ~ -,.< . 

• I :: I.,.. 
"1 .f; 
~ U" = .. 
~ 

~ 0 
=~ 

= 17" 
c-i = 1 .... 
~ =~ 

:i I~ = 11' 

'2l ::i 
........ 

J 1 - ...c .. ~-.. .._ 

! ·! .. "" -r;;- . .. -1-1-

J: ... f,o< ...... lo- ..... .. 
~--" .._ 1--

'E~ -J. • _,_ -
N :s 

~ I t d; 

i I .. 
1 t ,I 

i ~ j t~ ~ i g - l l j l '5 I t~ ii j ! 0 

li ! I ~ ! ,s. ! I a ... 
~ l! <J ;: 

I 

I 
f 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 

~.,. __________ o. •• ____ _ 

Aquatic 'l'oricology 
Best Prlldlces for !he Culture lnd Testing of Seleaed f"rsh l'\(I Ftog Species • ubor~!Oty Mlnuil 

AS-11: 



WILDLIFE INTERNATIONAL, LTD . 
PROJECT NO. : 454A-l 16 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

-
~ 

t 

- 95 -

FORM 8H: FETAX INDIVIDUAL EMBRYO 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
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FORM SH: FETAX INDIVIDUAL EMBRYO 
MALFORMATION DATA 

~ 

~ e '= q 

J 
::I 

... .. 
;i 

I ;: :>( 

l ;; ~ 

t lit bR:: 

:k 

=~ .. :: h< tJ 
: u; 

~ ... ' = j ~ 
~ ~ =-,;I. -0 JI 

0 ;! !...: 

:: ")( 

l'J 
>-

:: M 

'(' = '"' 
:'I 

!~ .... 
(' .. ~ 

I 
::i .. -. 

I ..... 
! ~ 

.. l>'i 

... f-,.1 

<C .. ~ 
';;"- ..... 

1 ..... 

__ .., ___________ o ... ____ _ 

~~~~~~~~~~~~~~~---:Iii:!~ 

~quauc 'l'lllicology 
8e>t Practlc:es for !he Culcur~ •nd Testing or Selected Fish •r>d Frog Species • .ubor~<oiy M.lnu•I ~ m 

A'i-lf; 



WILDLIFE INTERNATIONAL, LTD. PROJECTNO.: 454A-116 

I 
I 

I 
I 
I 
I 
I 
I 
I 
j 

~ 

t 
t 
t 

- 100 -

FORM SH: FETAX INDIVIDUAL EMBRYO 
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FORM 8H: FETAX INDIVIDUAL EMBRYO 
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Aquatic Toxicology .,,:-
em Practices for the Culturu nd Testing of Stleaed f;slu<1<1 Frog Speci .. • L>bor~1ory ~l.1nu•I ~ Em 

AS-19 · . . 



WILDLIFE INTERNATIONAL, LTD . PROJECT NO. : 454A-l 16 

- 103 -

~ \cS 3 . · 96 Hour Test Data 
. EffluenUGroundwaterrroxicant: Cboo\c.o.D 02.1'2.3 Date: 5/22. :5.'!oo 

DCDlli~'\I(. T tt$ 2. . Analyst: s\.w<-~-
Species: ~ Wis Age at Start of Test: ~ ~ 8-1\ 

Control -Daya Day 1 Oay2 I Day 3 Day 4 

~S\Ri- OH -Old New Old New I Old New Old 
Temperature (•C) 240 ?A-.o 7.4.o 24.o "'2.4.o i.4.o i4.o 24-.o 
0 .0. (mg/L) fi.7 R.~ B.z. 1.<o S .1 7.S 8.1 7(o 
pH ·7 l4 1.l7 II\\ -ns 11 \~ 1.W . 1.17 /,II 
Conductivity 

Alkalinity 

Hardness 

\ ~ cro lL t;>ayO Oay 1 Oay2 Day 3 Oay4 

(.)'2, -ii:?:> OH Old New Old New I Old New Old 

· Temperature (°C) 24.o '24.o ?A.o 14.0 2.4.0 '2A.D CAD ?A.t;i 
0.0. (mg/L} A.i. 8.~ RZ -ZB 8.1 7ft, 8 .2. 7.<c 
pH -u.4 1 .17 . -n1 l,'J.2 1:1;3, I -,.w 7.21 7.2.I 
Conductivity 

Alkalinity 

Hardness 
.. .. 

I I I 
. _, ... 

~.2.~rL Day~ Day 1 · Oay2 Oay3 Oay:q. 

UZ..12.3 9_.l:l. Old New Old ·New ·· Old New Old 

Temperature (°C) °24J) '2.4.0 '24.0 G4.o 24 ,0 lz4.o 24.o 2-t.o · 
0.0. (mg/L} 8 .l 8.0 s.~ 1.~ 8.0 l,S' RI /, 'S'" 
pH 7;3\ -, Z.l '~ 7.Z'5 1.601-171 /.?in 7.?/) 
Conductivity 

Alkalinity 

Hardness 

AS-20 
... . 
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U&l\.\wc. T ~t 2. 
96 Hour Test Data 
Page .1._ of _a_ 

f)4mill.. OayO 

U2..T2..3' OH 
Temperature (•C) 24.o 
0.0. (mg/L) 6.l. 
pH t.'03 
Conductivity 

Alkalinity 

Hardness 

q ,Q frtllL Daya 

U'2.1Z.3 OH 

Temperature·(·C) Z.4.o 
0 .0 . (mg/L) e.1 
pH 1.'~l 
Conductivity · 

Alkalinity 

Hardness 

.. 

\5.0~lL OayO 

u1.:n2 ·OH 

- 104-

Day 1 

Old New 

1.4.o 24.o 
0'-l ·a.2. 
Tl3 '7.~5 

Day 1 

Old New 

24.o z4.o 
S.I 8.l 
1 ,1.:t 1.i5 

· Oay 1 

Old N(:!W 

PROJECT NO.: 454A-l 16 

Oay2 Day3 Day 4 

Old New Old New Old 

'Z.4.o Z4.o "'Z,4.o '2.4.o 74.o 
7.l- 0 .l I.~ 8.1 7S' 
7.24 I 1. ?:.7 7.25 7.~4 7.29 

I I 
I I 
I 
I 

Oay2 Oay3 Oay4 

Old New Old New Old· 

'24.0 1A.o 1..4.o 7~.0 7.4.o 

7 .2. 8.0 ' ·' B.o 7Jo 

1.2.4. I T3S 7.24 l.?lo 7 .?>3 
I 
I 

· Oay2 Oay3 Oay4 . 

Old New Old New Old · 

Temperature (•C) 2.4.0 '24.0 "24.0 'ZA.o Z4.Q it..o Zlf.o 'ZA.O 

0 .0 . (mg/L) ·e,l. ·8.\ 8 .l "1.Z.. I s.o 1 .3 B.l 7.5 
pH (.Ck) 1 .2.<o · i.~ ,.z:~ I -r.4'' i.l..3 7.40 /.~ . 

Conductivity 

Alkalinity 

Hardness I 

AS-21 
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96 Hour Test Data 
Page _3_ of .:.a_ 

?5.0 ..... ll- OayO 

U211.3 OH 
Temperature (°C} Z4.o 
D.O. (mg/L} 8 .~ 

pH 
. 

7. ?>I 
Conductivity 

Alkalinity 

Hardness 

DayO 

OH 

Temperature (°C) 

0.0. (mg/L) 

pH 

Conductivity 

Alkalinity . 

Hardness 

. . _ D~O 

OH 
Temperature (•C) 

0.0. (mg/L) 

pH .. 
Conductivity 

Alkalinity 

Hardness 

.. 

. 105. 

Day 1 Oay2 

Old New" Old New 

i4.o ?lf.o Z4.o £A.o 
<a.i 8.L 7.1 8 .\ 
7. Zl /.~4 7.24 7 .Sl 

. . 
Day 1 Day2 

Old New Old New 

Oay1 Day2 
Old New Old New .. 

.. . . 

AS-22 

PROJECTNO.: 454A·ll6 

Oay3 Oay4 
Old · New Old 

"24.o t4.o l4.0 
7,2,. 8 .o -Z.45 
7.25' l.~5 l.~4-

Oay3 Oay4 

Old New Old 

Oay3 Oay4 _. 
Old New Old . 
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. 96 Hour Test Data 
Effluent/G roundwaterrr oxicant: lo-A fh1@1»b~.a.,, Date: 5l2Z-5/2'£p 
-::------:;-;----:----------.,.-...;..._---Analyst:_'5I...__ __ _ 
Species: Xero?& \:n..,.,, Age at StartofTest:s .... ~'if.-'-'8'-· ~\~---

S: katSS~IL .QayO Day 1 o.ay2 I Day 3 Day 4 

(<o-A~J OH Old New Old New I Old New Old 
Temperature (9 C) 21.0 14.0 ·i4.o ?.4 . .:i · i.~ .o I z-+ .o 1.4.o 14.0 
0.0. (mg/L) s.i. e.6 B.\ 1,~.: 8.\ 1-u~ 8 .1 7.6 
pH ·7.°tO l .DS . .., . ~.::: 1 . ll 0 'f,\l I 1.o<o /.13 7.0?.. 
Conductivity I I 
Alkalinity I I 
Hardness I· I 

I .. 

I 
ZSOC~lt.. OayO Day 1 Qay2 ·I Day3 Oay.4 

(<,,.ANJ . 0 H . Old New Old·, Naw \Old New Old 
· Temperature ( • C) l.4.o 1,4.o c,4,0 Z1:D -Z.4.0 :)4;o cA.9 G,4,q 

0.0. (mg/L) <a .z. 7 .9 8 .0 .. .., .~ 8.0 7.-Z 8 .o ( . lo 

pH 7.o~ l .oo · I.OB 7 .01 I -r.14 lt.o3 '7.07 (o .98 
· Conductivity . I I 

Alkalinity ' I ' . 

Hardness 
. , .. 

.. . . 

Daya Day 1 Oay2 Oay3 Oay4 

,9 .. 1:t Old ·1 New OJd· · j·Ngw - Old New· Old 

Temperature c•q · .. I .. I l 
0.0. (mg/L} .. I I 
pH 

. I l 
Conductivity I I 
Alkalinity I \ 
Hardness · 1 l 

I 
' I I 

A.5-23 . 




